To ascertain whether the implementation of a paced feeding protocol in a sample of preterm infants with respiratory diagnoses will result in the development of more efficient sucking patterns, increased weight gain, decreased incidence of bradycardia during feeding, and shorter length of hospital stay.
INTRODUCTION
Feeding, a seemingly simple, instinctual act of human newborns, is in fact a complex task requiring intricate coordination of sucking, swallowing, and breathing. The complexity of the task is increased in neonates born prematurely, most of whom do not display adequate oral motor coordination to breast-or bottle-feed until approximately 34 weeks postconceptual age (PCA). 1, 2 Respiratory illness experienced by many preterm infants can result in increased risk for feeding difficulties once oral feedings begin. Contributory factors include difficulty in exchanging oxygen efficiently and suppressing breathing while sucking. [3] [4] [5] [6] [7] [8] ''Transitional'' sucking is a pattern likely to be utilized by the preterm infant with respiratory difficulties. Palmer 7 describes this pattern as an incoordination of sucking and swallowing with respiration, characterized by six to 10 sucks and swallows per burst with arrhythmic breathing occurring primarily during pauses. Infants using a transitional pattern may experience coughing, choking, bradycardia, apnea, and fatigue during feeding. 3, 7 This pattern is disorganized and atypical as compared to the consistent pattern seen in immature and mature feeding patterns. The mature pattern is characterized by sucking, swallowing, and respiration in a one-to-one-to-one ratio up to 30 times per burst with brief pauses and is primarily seen in infants over 37 weeks PCA. [9] [10] [11] An immature pattern is characterized by fewer sucks per bursts with swallowing and respiration occurring during pauses and is primarily seen in infants less than 37 weeks PCA. 9, 12, 13 In contrast to transitional suck, mature and immature patterns are considered typical and not in need of intervention to improve efficiency.
Palmer 7 suggested that early identification and treatment of problematic sucking patterns should assist infants to develop more efficient feeding patterns and prevent secondary feeding and growth disorders. However, only a few studies have specifically addressed effects of treatment on disorganized feeding patterns in infants with respiratory difficulties. Als et al. 14 demonstrated that individualized care in the neonatal intensive care unit (NICU) in which caregivers recognized and reacted to infant stress cues resulted in a statistically significant decrease in number of days to begin bottlefeeding. The experimental sample consisted of eight very-low-birthweight (VLBW) infants with bronchopulmonary dysplasia (BPD); a matched-pair control group of eight infants received routine nursery care. Decreased levels of infant stress, perhaps enhancing each infant's ability to self-regulate or organize behavior during feeding, are thought to account for the improved outcome in the experimental group infants. Rosen et al. 5 assisted in organizing feeding behavior in nine infants (36 to 43 weeks PCA) who exhibited apnea and bradycardia during feeding. They found that removing the nipple from the mouth resulted in more regular respiration and heart rates in eight of the nine infants.
Palmer 7 has developed a treatment protocol that is hypothesized to optimize an infant's organization of feeding behavior by using systematic paced feeding. Paced feeding is thought to be beneficial for infants who exhibit transitional sucking patterns or incoordination of respiration with sucking and swallowing. 15 The protocol guides the feeder to regulate the number of sucks per burst and the duration of bursts and pauses by systematically removing the nipple from the mouth every three to five sucks to impose three to 5-second breathing pauses. 7 The effectiveness of paced feeding in translating transitional feeding skills into mature, coordinated feeding patterns has not been studied. Evidence is needed to determine if this treatment technique can facilitate weight gain, improve medical status, decrease incidence of bradycardia during feeding, and promote earlier discharge to home for preterm infants. Such evidence is particularly important for preterm infants with respiratory diagnoses, a sizeable proportion of NICU infants. The intent of this study was to compare the effects of systematic paced feeding with nonpaced or routine feeding practices in this population.
METHODS

Participants
The sample consisted of 36 preterm infants with respiratory illness who received care in a 35-bed, tertiary care NICU located in a public academic health center. Criteria for inclusion in the study included: (1) intermediate (versus acute) level of care; (2) diagnosis of respiratory distress syndrome (RDS) or BPD; (3) evident transitional sucking pattern on the Neonatal Oral Motor Assessment Scale (NOMAS) when oral feeds were initiated. Infants with dysfunctional feeding characteristics (e.g., excessively wide jaw excursions, flaccid tongue) on the NOMAS or neurologic diagnoses (e.g., grade III or IV intraventricular hemorrhage or periventricular leukomalacia) were excluded from participation. Infants whose mothers wished to breastfeed were also ineligible for study participation; however, this criterion only excluded one infant. Institutional Review Board approval of the protocol and informed parental consents were obtained for all infants meeting inclusion criteria during the study period.
Subjects were divided into one of two conditions, traditional bottle-feeding or paced bottle-feeding, by date of physician referral for oral feeding. Infants beginning oral feeds from October 15, 1999 to January 15, 2000 were in the comparison group (n ¼ 18); those initiating oral feeding from February 15, 2000 to April 30, 2000 comprised the paced feeding cohort (n ¼ 18). Apart from the feeding protocol, all study infants experienced essentially identical medical, nursing, and therapeutic care while in the NICU despite the 4-week period separating the cohorts.
Instrumentation
Performance on the NOMAS was used to identify the infant's sucking pattern for determination of study eligibility (transitional suck pattern required); for determination of individual progress and to guide specific protocol implementation; and for determination of sucking pattern at NICU discharge as an outcome variable. Transitional sucking was operationally defined as a specific atypical disorganized pattern that is characterized by incoordination of sucking and swallowing with respiration consisting of at least one sucking burst of six to 10 sucks and swallows with respiration occurring during pauses within the first 2 minutes of a feeding. The version of the NOMAS used in the study, revised by Palmer 18 in 1993, is a 28-item checklist of feeding characteristics observed during non-nutritive sucking and the initial 2 minutes of a feeding. Feeding patterns are categorized as mature, immature, disorganized, dysfunctional, or transitional. Disorganized is an atypical pattern characterized by lack of coordination of sucking, swallowing, and respiration with bursts of mature and immature length. Dysfunctional is an atypical pattern characterized by abnormal jaw and tongue movements, such as excessive jaw excursions or flaccid tongue. Construct validity studies have supported examiners' ability to classify feeding patterns correctly using the NOMAS, 1, 16, 17 with coefficients for testretest reliability and inter-rater reliability consistently exceeding 0.80 in preterm populations. 17, 18 In this study, the first author and a physical therapist, both certified in NOMAS testing, administered and scored all NOMAS assessments. Inter-rater reliability was examined with five preterm infants before study initiation, and an ICC (2,1) of 0.926 was reported. k, associated with percentage of agreement (corrected for chance) on feeding category was calculated at 0.63. Incidence of bradycardic episodes during feeding was calculated from Corometrics Model 556 Cardiorespiratory Monitor output. The monitor's sensitivity as defined by the manufacturer is ±2 beats per minute. The data are averaged over a 3-second window. Corometrics Premie Electrodes were placed on each side of the infant's chest and the reference electrode was placed at the base of the ribs on the left side. Alarms were set at 80 beats per minute. The monitors graphically recorded the trend of the infant's heart rate during feeding. Due to difficulty in assigning monitors with printer capabilities to comparison group infants for 100% of feeds, bradycardic incidence was available for 67% of feedings. An equal percentage of feedings was randomly chosen for bradycardia assessment in the paced group. Weekly weight gain was calculated from charted daily weight records. Length of NICU stay in days was also obtained from the infant's chart.
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Procedures
Comparison group infants were enrolled during the first phase of the study. All infants with physician orders to begin oral feeding were assessed within 2 days with the NOMAS, and those meeting study inclusion and exclusion criteria were identified. Infant's respiratory rate was recorded on the infant's chart prior to each feeding. The NICU policy was to hold the feeding and call the physician if the rate was over 70 breaths per minute. This did not occur with any of the infants. The respiratory rates were not collected for this study. Data were collected on initial infant characteristics, weekly weight gain during the course of the study, and daily bradycardic incidence as recorded during a randomly selected 67% of the infant's feedings. The number of the bradycardic episodes was recorded from the monitors within 24 hours of the feeding. One bradycardic episode was identified by a drop in heart rate to 80 beats or below per minute. For a low heart rate to be counted as a second episode, the heart rate had to return to 100 beats per minute and then drop again. If an infant had more bradycardia during a feeding than was usual for him, the feeding nurse was questioned. If she did not notice the bradycardias (not accompanied by stress signals, e.g. color, breathing changes), the feeding was flagged. If this continued to be a single incident it was considered movement artefact or lead misconnection and was not counted. This occurred with one infant and two feedings were not counted. When leads disconnected, the monitor stated ''leads off'' and these were not counted. The attending neonatologist determined the diagnoses of RDS (respiratory distress at birth requiring supplemental oxygen with characteristic chest X-ray findings immediately following birth) and BPD (requiring oxygen at 36 weeks PCA.) Weekly NOMAS evaluations recorded changes in feeding patterns. Nursing staff (with some family assistance) fed these infants in a typical manner (e.g., giving infants breaks as needed, feeding while swaddled in feeder's lap or propped in isolette), except during the weekly NOMAS evaluations. Nurses were asked to place the bottle in the infant's mouth and not move it during the 2-minute evaluation period. As none of the nurses in this unit had any training in Palmer's pacing technique, no systematic, formal use of pacing occurred during the first phase of the study. Once data collection was complete on this cohort, study investigators trained 25 NICU personnel (24 nurses and one physical therapist) to deliver a paced feeding protocol. A 10-hour, nursing-approved, continuing education workshop presented didactic information on neonatal anatomic and physiologic characteristics associated with feeding, preterm infant behavior in terms of autonomic, state, and motor system regulation, and elements of nutritive sucking. Feeding patterns as categorized by Palmer were presented in discussion and by videotape demonstrations. Specific instruction was given in how to pace bottle feedings for infants in the NICU with respiratory illnesses. Demonstrations and practice in the NICU followed the workshop, and participants were required to pass a paced feeding competency checklist (90% accuracy on checklist items observed during a maximum of three bottle-feedings) before receiving course credit. Once NICU personnel were competent to deliver paced feedings, the second phase of the study began.
In total, 18 second-phase infants were enrolled and data were collected in an identical manner to the first phase. Infants in the second phase of the study, however, only received paced oral feedings by NICU personnel who completed the pacing workshop. During weekly NOMAS evaluations, nurses were instructed to place the bottle in the infant's mouth and not move it during the 2-minute evaluation period. Weekly NOMAS evaluations guided the pacing protocols for these infants. For example, during the first 2 minutes of feeding, if an infant demonstrated at least one transitional sucking burst and at least one bradycardia, the protocol was to pace every three sucks; whereas, if an infant demonstrated greater than 50% transitional sucking bursts without bradycardia, the protocol was to pace every three to five sucks. When families were involved in feeding, the first author individually trained the family members on how to pace the feeding for that particular infant.
Data Analysis
Initial infant characteristics of gestational age, birth weight, postconceptual age at study entry, weight at study entry, days on ventilator, and days on supplemental oxygen were analyzed for equivalence with independent t-tests. Only one infant remained on supplemental oxygen during the study. Apgar 1 and 5 minute scores were analyzed using Mann-Whitney U-test. w 2 was used to analyze the difference between the experimental and comparison groups on diagnoses of RDS and BPD. Multiple linear regression was used to calculate the contribution of group (traditional feeding or paced feeding) to the prediction of the outcome variables of weekly weight gain, incidence of bradycardia, NOMAS sucking pattern at discharge, and NICU length of stay. Other variables in the multiple linear regression were gestational age and birth weight. Associations with significant adjusted R 2 values were further analyzed with independent t-tests or w 2 comparisons.
RESULTS
Infant Characteristics at Initiation of Study
Analyses revealed that both groups of infants were statistically equivalent on gestational age, birth weight, age at study entry, weight at study entry, days on ventilator, and days on supplemental oxygen. Infant characteristics at study initiation are shown in Table 1 . Figure 1 , 17 of 18 comparison infants displayed a transitional sucking pattern at discharge (94%); only one in this group had mature sucking. In contrast, eight of the paced group infants were classified as transitional suckers (44% of the experimental group), while nine had an immature (four infants) or mature pattern (five infants). There was one example of disorganized sucking at discharge in the paced group.
Sucking Pattern at Discharge
Incidence of Bradycardia
The first author counted the number of bradycardic episodes, operationally defined as 80 or less heartbeats per minute, for 67% of the feedings that occurred during the weeks of the study. A statistically significant decrease in the incidence of bradycardia during feedings was found for the paced group compared to the traditionally fed group. When total number of bradycardias for 67% of feedings were compared, feeding group was found to account for 10% of the variance, F ( 
Length of Stay
No statistically significant differences between groups were found for length of stay in days in the NICU. However, trends that might be considered clinically significant were noted. Paced infants' total time in the NICU (synonymous in these infants' cases with length of hospital stay) was, on average, 1.55 weeks shorter than the comparison group. This finding occurred even though paced group infants were younger by an average of 1.06 weeks PCA at discharge.
Weight Gain
We hypothesized that paced infants would gain more weight per week than the comparison group infants during the course of the study. However, there were no statistically significant differences between the groups on this variable. (Refer to Table 2 .) The (7) 6.5 (7) 5 minute Apgar w 8 (7) 8 (5) *Reported in weeks. The comparison group infants were discharged at a heavier weight (2359.72 g) than the paced infants (2195.11 g). This difference may be related to the fact that the comparison group infants were slightly older, both chronologically and by PCA, at discharge.
DISCUSSION
All of the comparison group infants except one continued to demonstrate transitional sucking patterns throughout the study period, supporting Palmer's 7 observation that this is a common pattern in infants with respiratory diseases. Furthermore, Palmer asserts that pacing intervention should result in a change from transitional to either mature or immature sucking patterns. This phenomenon was observed in the paced group infants, as four infants were discharged with an immature suck (at PCAs of 34, 37,37, and 38 weeks) while five infants demonstrated a mature sucking pattern at discharge (PCAs of 34, 34, 35, 37, and 37 weeks). The increased incidence of mature and immature suck at discharge in the experimental group is considered a positive outcome of the study, particularly in light of the fact that the experimental group infants were slightly younger at discharge (mean PCA of 35.61 weeks) than were the comparison group (mean PCA ¼ 36.67 weeks).
It is noteworthy that no infants younger than 34 weeks PCA were able to sustain a mature or immature sucking pattern, further evidence that oral feeding before that age is not recommended practice. 1, 2 There are several reports in the literature of mature sucking being noted in infants greater than 37 weeks, 7,9 while immature patterns have been more typical of infants below 37 weeks. 7, 9, 18 However, these observations have been made on infants who did not receive intervention. The pacing intervention may explain the younger ages at which mature suck was seen in a few of the infants, although the potential of this approach to facilitate mature sucking patterns in infants younger than 37 weeks PCA requires further investigation. Anderson and Vidyasagar 19 noted that sucking improved as respiration improved. If pacing is viewed as an external support to an immature, stressed respiratory system, the improvement in sucking pattern quality demonstrated by the experimental group infants would be expected.
Our results support the work of other investigators who have linked uncoordinated feeding patterns with bradycardia in premature infants with respiratory diagnoses. 5, 6, 20 The comparison group infants had significant bradycardia during feeding, while the pacing intervention resulted in less bradycardic incidents in the experimental group, despite comparable age and respiratory status. Lower rates of bradycardias in the paced infants, however, were accompanied by a higher rate of gavage feedings. The pacing protocol directed the feeder to respond to demonstrations of stress, such as bradycardia or fatigue, by imposing longer catch-up breathing pauses, decreasing the number of sucks per burst, or ceasing the oral feed and converting to gavage. Often the feeder chose to complete the current oral feed with modifications and gavage the following feeding to allow the infant to rest. Consequently, comparison group infants received more oral feedings than paced infants. The added stress of these oral feeds could explain the increased rate of bradycardias in the comparison group infants.
Including gavage feedings in the infants' feeding plans did not appear to adversely affect the paced infants. Even though the experimental group infants did not bottle-feed as often, they were discharged at younger PCAs. Thus, receiving gavage feedings more often did not interfere with the infants sucking maturation process or delay their discharge. Als et al. 14 reported similar findings in a sample of VLBW premature infants. An individualized care protocol directing the caregiver to reduce levels of environmental interaction in reaction to infant stress signals resulted in bottle-feeding at younger ages and reduced hospital stays in the experimental group when compared to a matched-control group.
The present study included a trend toward a decrease in hospital stay for the intervention group. Paced infants were discharged at a mean PCA of 35.61 weeks, approximately a week younger than the mean discharge age of the comparison group, 36.67 weeks PCA. This difference occurred despite the fact that the two cohorts participated in the study for equivalent time periods (average of 2.69 weeks for comparison group and 2.27 weeks for the paced group). At an average charge of $1090.00 for 1 day of intermediate care in the NICU, early discharge is clinically and economically significant.
We did not find a statistically significant difference in average overall or weekly weight gain between paced and nonpaced fed infants while in the NICU. Other feeding intervention studies with this population have reported appreciable differences in weight gain; however, most of these studies applied a different intervention, non-nutritive sucking, which was not a component of the current investigation. 21 We also believe that the equivalent weight gains between the two groups may be attributed to individual nutritional monitoring, as an infant in either group who was not gaining an average 30 g/kg/day was placed on formula of increased caloric density.
Post hoc analysis revealed a difference in weight between the two groups of infants at the age of 34 weeks, with the experimental group infants outweighing comparison group infants by approximately 236 g. A comparison at one age was conducted in order to avoid the confounding effects of variable length of time in study, maturation, and growth inherent in overall and average weekly weight gain comparisons. The paced infants' advantage in weight at 34 weeks PCA, the earliest age associated with successful oral feeding, may be explained by the relation between energy expenditure and growth. Theoretically, paced feedings should be less stressful on the infant, allowing ingested calories to support increased weight gain rather than replacing calories expended in stress reactions (broader motor movement, bradycardia, etc.). Additional investigations in this area are suggested, with the variables of nutritional monitoring, caloric intake, and individual preterm infant growth patterns included in data collection and analysis.
CONCLUSION
The overall benefits of pacing for premature infants with respiratory disorders evidenced in this study are consistent with Als' theory of synactive development of the preterm infant. Pacing can be viewed as an external support that decreases physiologic stress (e.g., bradycardias) and facilitates organized, adaptive behaviors such as effective feeding patterns. Earlier behavioral competence will enable infants to be discharged home at earlier ages following shorter NICU stays.
Perhaps the most important benefit seen in this study was the paced infants' advantage in being discharged with stable feeding behaviors (mature or immature sucking patterns). For a family, feeding an infant with more organized behaviors decreases the fear and stress involved in caring for the infant and should enhance the interactive relationship between infant and caregivers.
In summary, results support the incorporation of pacing into NICU care practices as beneficial to the preterm infant with respiratory problems. Additional investigations and studies conducted in a randomized clinical trial format are suggested in order to confirm our findings. It will also be important to study the potential of paced feeding to prevent feeding difficulties in later infancy that are characteristically seen in children with a history of prematurity and respiratory distress. 22 
